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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1592

COMPRESSIBLE FILOW TABIES FOR AIR

By Marie A. Burcher
STMMARY

A tabulation is presented of Ffunctlions of the Mach number which
are frequently used in high-speed aerodynamics. The tables linclude
values of Mach number from O to 10.0 in increments of 0.0l and the
functions are based on the assumption that air is a perfect gas having
a specific-heat ratio of 1.400.

INTRODUCTION

In high-speed research, frequent use must be made of the
theoretical relationships exlisting between the Mach number and various
flow parameters, for example, the stresm-tube area ratio, pressure,
temperature, and density ratios referred to stagnation conditions,
and the normal shock relations. The purpose of the tabulation is to
present values of the most commonly needed functions for Mack number
increments (0.01) small enough to provide for linear interpolation
without loss of accuracy for the Mach number range from O to 10.0.
The quantitlies shown are functlions solely of the Mach number with the
exceptlon of a few dlmensional quantities computed for specified
stagnation conditions. Tables I and II cover the subsonlic and super-
sonic Mach number ranges, respsctively.

An earlier unpublished compressible flow table which has been
In use at the Langley Ilaboratory of the National Advisory Committee
for Aeronautics since 1945 was computed by Miss Vivian P. Adailr of
the Fluid and Gas Dynamics Analysis Section. The present tabulation
extended thls previous work from M = 3.0 to M = J0.0 and sdded a
number of functidns not included in the eariier tabls.

SYMBOLS

A sketch illustrating the notation adopted for the stream con-
ditions in subsonic and supsrsonic flow 1s shown as figure 1.

A cross-sectional srea of stream tube

A cross-sectional area of streem tube for M; = 1.0
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2
a gpeed of sound in air
Fc compressibility factor
Py = Py 2 4 '6
ol 14 lM —-M MO % ..
( ql * 1 1600 1
M Mach number (V/a)
W Mach angle (sin'l 1%)
b absolute pressure, pounds per square £oob
q dynamic pressure, pounds per square foot (computed for an
arbitrary stagnation pressure, p, = 2121 1b/sq f%) <-é-‘p\72>
T temperature, °F absolute
v airspeed computed for T, = 520° F absoluté, feet per second
B angle between oblique shock and flow direction behind shock
(see fig. 2), dsgrees
¥ ratio of specific heats, taken as 1.400
8 maximm possible flow-deflection angle (se-e-fig. 2) for
max
oblique shock, degrees
€ maximum acute angle between oblique shock and directlon of
max undisturbed stream (see fig. 2), degrees
v expansion angle required to change Mach number from 1.0
to M; (see fig. 3), degrees
) mase density of air at ses, level
Subscriptse: o e
o | Statlons 1n assumed stream tube (fig. 1). For use of the
tables in subsonic flight problems M; should be taken as
1 the flight Mach number; then subscript 1 refers to atmos-
‘pheric conditions and subscript o refers to stagnation
2 conditions on the aircraft. Similerly, for supersonic flight
problemg M; 1is the flight Mach number, and subscripts o
3 and 1 are, respectively, the 1deal stagnation and the
atmospheric conditions. o
cr | -
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~ ACCURACY

The values given in the tables were computed individually. Most
of the steps in the various calculatlons were carried to seven
significant figures on computing machines. Over half of the values
glven have been checked by recalculation. The rest of the valuss
were checked by an examinatlon of the differences between readings.
The values are believed to be correct to the number of places shown,
wlth the possible exception of the values of %&x’ which may

occasionally be in error by ome point in the last place (0.01°).
DISCUSSION

The formulas used in calculating the tables are, in general,
well-known and thelr derivation may be found 1in modernm text books
on fluld mechanics. A possible exception is the equation for & ..

which was first glven in reference 1. For convenience, all the
equatlons are listed in the appendix.

It has been found convenilent to use the stresm-tube notation
shown in figure 1. The theoretical relations involved are, of
course, equally applicable either to stream-tube problems such as
those encountered in wind tunnels and intermal-flow systems or to
Flight problems. Attentlon is called to the fact that the sub-
script o refers to the 1ldeal stagnation conditions (stagnation
conditions for isentropic deceleration to zero velocity). For
subsonic-flight application, the stagnation condltlions at an lmpact
tube, for exsmple, are represented by the subscript o. In the
supersonic case, however, because of the presence of a normal
compression shock shead of the impact tube, the stagnation pressure
shown by en impact tube wlll not correspond to the value represented
by this subscript o but rather to that represented by the sub-
geript 3, which refers to the stagnation condition behind a normal
shock. The atmospheric conditions (p, T, and p) in the flight
cass are represented by the subscript 1.

The assumption that air is a pexrfect gas with a value of 7
of 1.400,1s valid for the conditions usually encountered in the
subsonic and lower supersonic speed regions for normsl stagnation
conditions. For Mach numbers greater than about 4.0 or for unusual
stagnation conditions, however, ‘the behavior of air wlll depart
appreclably from that of a perfect gas if the liquefactlion condition
1s approached, and caution should be .used in applying the results in
the tables at the higher Mach numbers. The data of reference 2
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afford.a means of estimating the conditione under which the con-
stituents of alr will ligquefy at the relatively low pressures
usually sncountered in supersonic zerodynamic problems.

Langley Aeronautical Iaboratory
Netional Advisory Committee tror Aeronautlcs
Langley Fleld, Vea., Jasnuary 8, 1948
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APPENDIX

FORMULAS USED FOR CALCULATIONS

Subsonic Calculations

Theé significant Mach number functions for subsonlc applications
are given in the column headings of table I. The notaticn used is
illustrated in figure 1(a). In flight applications, 1f My is the

flight Mach number, p; represents the atmospheric pressure and p,
the stagnation pressure indicated by an ideal pltot tubse. Similariy,
Ty end " py are atmosphsric temperature and density, respectively.

Tne followlng formulas, which are functlons of M; and 7,
require no discussion:

E; = <l + Lé——l'Mlz‘)l—;y

Po

1 -3% -
P - o) 1-7 _ _;"”——'—?T.S
—p—l- = (l + -La—ly‘l> - f/‘ 4 .2 M.”) - ([+.)/‘{- )
(o]
T -1.
L _ - 2
T, (l * Lz—l'Ml>

i 7+l
A. l + Z - l 2(7_1)
ST - My 2
A1 1+ 2ot

mlm
o I~
It}
N
+
ME
i
\_"3{
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The valuss of Vl presented in fable I are based on a stagnation
temperature T, =.520° F absolute. The formila is

a
1
72 <

Tne wvalue of 'ao for Ty = 520O F absolute was taken as 1117 .372 feet

per second.

The —raluea of q, were obtained froﬁ.the formula

5
E
e
<

where p, was arbitrarily taken as 2121 pounds per éguare foot. The
dynemic pressure for any other Pq (regardless of the value of T,)

can consequently be obtalned by mumltiplying the tabulated values by
the ratio po/212l.

Thé'general formula for the compressibility factbr is

PO - Pi
¢ 1
2

¥ o
P1V1

4

For small values of My, F, was computed from
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Supersonic Calculations

The functions pertinent to problems involving supersonic flow are
shown in the column headings of table II. The stream-tube notations
applicable to this case are illustrated-in figure 1(b). The formulas

for p31/pPy, P1/Pg» 'I‘l/'l"o, al/ao, Vi, and q; are the same for
gupersonic calculations as for subsonlc calculations. The value
of p, was taken as 2121 pounds per square foot and the value of a,

for T, = 520° F absolute was taken as 1117.372 feet per second.
Formulas having espscilael significance in supersonics, however, are

7+l
2-31[22(7-1)
Ay gt HTTM

Acp M_l 1+ Z——;——l-

)
q'CI‘ z C pO

6
pcr (Ml=l.0>

where
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1927, pp- 591-610.
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. m'?m I.— SURSONIC FLOW -
’,'{J B b '4 . .- '_
| & Py I A, & 1Ny = |
—— —_ —_— - o
P, 5, T, | A 8, (TgbZ%’OE ibfeq £) | A - w2
[0} 1,000 | 1.000 }1.000 |O 1.000 s ) 1.000} 1.000
OL | L9999 | .9999 | 1.000° .0173 | 1.000 11.17 L1L8h | 1.000] 1.000
021 .9997 | .9998] .9999 1 .0346{1.00Q 22.35 .5936 | 1.000} 1,000
03| 999k | .9995] .9998( .0518| .9999 33.52 1.335 1.000{ 1.000
.0h | 99891 .9992] .9997 1 .0691] .9998 4L 69 2.373 1.000] 1.001
05| .9983 [ .9988% .9995 | .q86 .9998 55.851 3.705 | 1.00L} 1.001
.06 975 | . 9993 | .1035| .9996 67.02 5.331 | 1.001] 1.002
07 9966 | .9976 9990 | .12056! .9995 78.18 T.249 2.001 { 1.002
.08 9955 | .99681 .9987 13771 .999% .89.33 9.k58 1,002} 1.003
.09 99kl | .996b | .9984 1548 | 9992 100.5 11.96 1.002 | 1.00%
10 9930 | .9950 9980 | w18 ] .99%0 111.6 1k, 74 1,003 ] 1.005
1| .9926 | 990 | .9976{ .1887| .9988 | 122.8 [ 17.8 1.003 | 1.006
12 9000 | .9928 9971 | .2056 ] .9986 133.9 21.16 1.004 | 1.00T
13 0883 | .9916 222k | .9983 k5.0 2k, 79 1,004 | 1.009
1k 9864k | ,9903 9961 | .2391 {1 .9980 156.1 28.70 1.005 | 1,010
15 .9888 9955 | 2557 | .9978 167.2 32.88- l1.006} 1.011
16| .9823 | .9873] .9949 | .2723) .9974 | 178.3 | 37.33 1.006 | 1.013
17 9800 | .9857 gok3 | 2887 | .9971 189.4 ke,os © {1.007} 1.005
18 9TT6 | .98h0 9936 | .3051 | .996B 200.5 47, 082- 1.008 [ 1.017
19 9751 | .9822 96528 | .3213 | .996L 211.5 52.26 1.009 | 1.019
20 g725 | .9803 9921 | .3374 | .9960 222.6 57.T5 1.010 | 1l.02X
21 | .9697 | .9783 9913 | .353% | .9956 233.6 63.48 1.011{ 1.023
oo | .9668:] 97162} . .3693 | .9952 24k, 6 69.47 1.022{ 1.025
23§ .9638 | .97ko0 9895 1 .3851 1 .9948 | 255.6 | 75.69 1.013 | 1.028
2h 9607 | .9718 9886 { .koo7 99k3 266.6 8.15. -~ {i.0a% | 1,030
a5 9694 | .9877 | k62 | .9938 | 277.6 | 88.83 ° |1.016 | 1.033"
26 g5kl | 9670 9867 | 4315 | .9933 288.8 95.74 1.017 | 1.036
27 9506 | .96k5 J68 | L9928 299.5 | 102.9 1.018 | 1.039
28 o700 | L9619 o8Lk6 | 4618 | .9923 310.4 |110.2 1.020 | 1.0k2
29 o433 | 9592 9835 { A76T | .991T 321.3 [117.8 1.021L | 1.045
30 | .9395, | .9564 | .9823 ] .koak | (9921 | 332.2—|125.5 1,023} 1,048 -
3 9355 9535 9811 5059 | ,9905 3k3.1 [133.5 1.02h | 1.052
32| .9315 .9799 | .5203 | .9899 3sh.0 | 141.6 1.0281 1.056
33 | .927h4 .9h76 9787 | 5345 1 .9893 | 364.86 |1k9.9 1.028 | 1.059
3L 9231 | o845 | 977k | 5486 | .9886. [ 375.6 }1s8.L 1.029 | 1.063
.35 | .9188 | .9k13~] 9761 | .562h | .9880 386.L |167.1 1.031 | 1.068
.36 | 9143 | .9380 | .97h7 | 5761 | .9873 | 397.1 |175.9 1.033 | 1.072
.37 | 9098 | .9347 | .9733 | .5896 Lo7lg {18k.9 1.035 | 1.076
.38 | .9052 | .931 9719 | .6029 9859‘ 1n8;6 |igk.0 1.037 | 1.081
.39 | .900k | .927 .9705 | .6159 | .9851 429,3°1203.3 [ Ll.¢39| 1,086
Lo | 8956 | .9243 | .9690 | .6288 | .98L4L o0 [222.7 . T ja.0kL | 1.001
A1 | L8907 | L9207 | 9675 | 6415 | .9836 kso.6 |222.37 1043 1 1.096
A2 | .8857 | L9170 | L9659 | .65k1 | .9828 hér,2 [231.9 1,085 | 1.1p2
b3} .8807 | .9132 | .964k3 | .6664 | .9820. | 471.8 [2kl.7 1.0b7{ 1.108
JAde 8755 | L9ook | L9627 | .6784% | (9812 | kB2 k |251.6 1,049 ¢ 1.12h
b5 1 .8703 ] .9055 | L9611 | .6903 | .9803 kge.9 |261.6 1.052 | 1.120
Ab6-1.8650 | 906 | .59k | .T019 | 9795 503.% (271.7 1.054 | 1.126 =
by 1 .8596 | .8976°% L9577 | 7134 | .9786 | 513.9 [28L.9 1.056 | 1.113
.48 { .8sh1 | .8935 { .9559 | .T2h5 | L9777 s52h, . {292;1 " 1.059 | 1.1h0
.ho | 8485 | B89k | .9542 | 7356 | .9768 534.8 (30,5 .—=|1.061 | 1.1A7

Lo
>

. t’

;
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TABLE I.— SUBSONIC FLOW — Concluded

v q;
O I e D = i (R R >
P o To _ A &g ebs.}) |1b/sq ft) L%
0.50 [0.8430 [0.8852 | 0.952h | 0. THEL {0.9759 545.2 312.9 1.06k} 1.155
51| 8374 | . G506 75691 9750 555.6 | . 323.3 {1.067] 1.163
.52 | .87 | .8766 | .ou87! .76T2 { .97ThO | 565.9 333. 1.069} 1.17
.53 | .8259 | .8723} .9868}| .7773 | .9730 576.2 3bh. 4 1.072} 1.179
54 | 8201 { .8679 | .okk9| .78T2 | .9721 586.5 355.0 | 1.075} 1.188
—{ .55 | .8lho | .8634 | .9k30| .7963 | .971L 596.8 365.6 1.0781 1.197
.56 t 8082 { .8589 ( .9410| .8063 | .9700 607.0 376.3 1.081] 1.207
.57 | Bozz | .85k | 9390 .8155 | .9690 617.2 386.9- |1.08%) 1.217
.58 | 7962 § .898 | .9370) .8k | ,9680 627.3 397.6 1.087] 1.228
. T] .59} 190 | 8451 | L9349 .B33L | .9669 | 63T.h 408.3 {1.090{ 1.239
.60 | 1840 | Bho5 | .932§| .8416 | .9658 647.5 kig.o 1.093}1 1.250
61| TTI8 | .835T{ .93074. 8499 | .96kT 657.6 kag. T 1.097| 1.p62
T6 | 8310 .9286| 8579 ] .9636 66%.6 4ko0.3 1.100} 1.275
63 ) 7654 ] L8262} 9265 .BEST | .9625 6TT+6 51,0 1,103] 1.288
. L7591 ) 82131 .92h3 | .8733 1 .961k 687.5 ¥61.6 1,107] 1.301
L5 . B16h | L9221 | .8806 § .9603 | 697.% kre,2. j1.110( 1.316
.66 | .7Th65 | .Bui5{ .9199| .8877 | .9591( 7OT.3 7l 1.aik] 1.33
67 | 7O | L8066 | 9176 .89k5 ! L9579 | T1T.2 h93.2  |1.127{ 1.347
.68 1 .7338,} .8016| .9153] .9011 | .9567 726.9 503.7 1,121] 1.36k
691 1ETh | 79661 .9131] .9076 | .9555 | T36.T 51h,1  §1l.125) 1.38
"ol e | ot L9107 L9138 | .95k3 ThE. s2l b 1.129| 1.%00
.- A JTbs | 78651 L9084k | (9167 | .9531 736.1 534%.7 {1.132{ 1.k20
21 L7080 ) L78Lk ) 9061} L9255 | L9519 765.8 54k.9 1.136) 1.3
—~ - 731 L7006 1 7763} .9037| 9309 | .9506 T75.4 555.0 1.1%01 1.463
L) 695 | T2 ] L9013 | W9362 | LSSk 785.0 565.0 L.k 1.487
- -} Ty 688G (76601 8989 .9h13 | SGLBL | TGh.5 575.0 | L.1k9{ L.512
761 6821 7609 | 8964 | ,9h6L | 9468 .0 58%.8 1.153{ 1.539
7| 6756 | 7557 .Boko | 9507 | LOk55 | 813.5 | S594.6 | 1.157) 1.567
.78 ] 6691 | 7505 ] .&A5| (9551 ,9ke | Be2.9 60k.3 | 1.161] 1.598
4 .19 6625 .Ths2 | 88901 .9592 | .9l2g | 832.3 6i3.8 | 1.166] 1.631
_ Bo| .6560f .7h00| .8865| ..9632 | .9k16 8k1.7 623.3 | 1.170{ 1.667
. .81 .6hg5 ) [73kT|. -88%k0 | .9669 | .gkoz | 851.0 632.6 {1.175] 1.705
- -l 8] .Bh30} .7R951 8815 .97oh | .9389 | B6O.2 641.8 1.132 1.747
.83} .6365| .mek2 | 8783 .97371 | .93T5 865.5 650.9 | 1.\ 1.793
.84l 6300 .7189-] .B7631 .9769 | .9361 878.6 659.9 1.189] 1.8k3
T W8 ) .ee3s ) LTA3E| WBTITL L9797 | (9T 887.8 668.7 | 1.194k] 1.8908
s 86| .6170'f 7083} BT | .982% } .9333 | 866.9 677-5 | 1.199] 1.950
— .87 1 .6I06] .7030] #8685} .98kg | .99 906.0. 686.0 | 1.204} 2,028,
.88 4 .6081] .6977T| .8659) .9B72'} .9305 | 915.0 69%.5 |1.209] 2.105
- Bal sor7t 6924k} +8632 1 .9893 | .92q0 92k .0 702.8 1.21%] 2.153
— 90| .5913{ .6870( .86061{ .9912 | .92T7 932:9 Ti1.0 | 1.219{1 2.29%
- 91| .5849 | 6817 .8579 | .9929 | .9262 9h1.8 719.0 | 1.225F 2.h2
. i 921 5785 67641 .8552 ] .bokh | 9248 950.7 726.8 1,230] 2.552
— 931 .5721 1 6711} ,B525; .9958 | .9233 ) 959.5 73k.6,- } 1.235] 2.721
Oh:f 5658 66581 .8ho8 9969 | .9219 968.3 The.1 1.2 2,931
eewim] 951 5595 | 6604 [ .B4TL | .9979 | .930k 977.0 4.5 | 1.246{ 3.203
o} .96 55321 .6551 | .oubh} .9987 | (9189 | 985.7 756.8 | l.252| 3.571
‘1«97 o469 6598} .Bh6} .9992 | .9ATh | 99%.3 | 763.9 | 1.258] k.113
.98} skoT ] 65| 683891 .9997 | .9159 | 1003 T70. 1.264} 5.025
~ me—ea | 99 5385 6392 L8361 .9999 | .oibh | 1011 T77.6 | 1.270f{ T7.089
- -f1.00{ .5283| .6339| .6333 {1.0000 { .912% | 1020 8h.2 | 1.276 o
A =mewn e o Sooomoo Dol f%j?’

A vt o

. - ——
R R R gt et ey

11
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32 NACA TN No. 1592
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Figure 1.- Sketch showing stream-tube notation.
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Figure 2,- Oblique-shock notation;
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Figure 3,- Expansjon-angle notation. W
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